Background: Socioeconomic status is closely associated with an individual's health status. However, there are few studies examining the role of exercise-training as part of a community-based social welfare program in socially vulnerable groups. Given this, our aim was to measure whether long-term exercise training as a social welfare program affects the prevalence of depressive symptoms, metabolic syndrome and peripheral blood vessel condition among participants with low household income.
INTRODUCTION
An individual socioeconomic status is one of the major factors that determine his or her health status, and is depends on an individual's level of education and income [1, 2] . The differences in health status corresponding to socioeconomic conditions attributes to health-related lifestyle
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and behaviors, or how individuals perform activities to manage and promote their own health [3] . In fact, socioeconomic status is not only inversely associated with depressive symptoms, but inversely associated with the prevalence of metabolic syndrome as well, and is also a risk factor for cardiovascular disease [4] [5] [6] [7] . Regular exercise, which is one of the major components of lifestyle interventions (along with adequate nutrition intake, smoking cessation, stress management and other non-drug modalities) can prevent and improve depressive and psychological symptoms, as well as improve metabolic disorders and cardiovascular diseases, which have recently been labeled lifestyle-related diseases [8] . According to epidemiological studies, household income is positively associated with participation in regular exercise and leisure-time physical activities, even as education level
showed inconsistent associations with physical activity [9, 10] . This indicates that participation in recreational sports and exercise programs is dependent on household income.
Given this, there are currently discussions about equal opportunities to participate in physical activities and exercise programs that are important to health promotion. Social welfare services are attempting to develop sports welfare environments that are accessible and easy to utilize for anyone, particularly low income families [11] [12] [13] [14] . However, no data are available regarding the effects of long-term exercise training as a social welfare program on psychological and physiological health status for community-dwelling Koreans with low household income. Therefore, the aim of this study was to assess the changes in the prevalence of depressive symptoms and metabolic syndrome and its components, as well as changes in the prevalence of peripheral blood vessel condition among subjects enrolling in a social welfare program incorporating therapeutic lifestyle changes and undergoing long-term (≥6 months) exercise training. Percentage of total body fat mass (%) and muscle mass (kg)
MATERIALS AND METHODS
Subjects and study protocol
were acquired from total body scans using multi-frequency bioelectrical impedance analysis (Inbody 720, Biospace, Seoul, Korea).
Measurement of health-related fitness
Subjects' physical fitness was assessed by appropriate parameters/variables according to age groups. Adults performed sit-ups, sit and reach, multi-stage 20 meter shuttle runs, 10 meter agility shuttles and long jumps; older adults performed chair-stands, 6 minute walks, 2 minute stationary walking, timed up and go, and figure-eight walks. Both groups received handgrip strength assessments.
Determination of depressive symptoms
Symptoms of depression were evaluated using the revised version of the 21-item Beck Depression Inventory (BDI-II) and the Korean version of the 30-item Geriatric Depression Scale (KGDS) among adults and older adults, respectively [15, 16] . Subjects with a BDI score of 10 or more among adults and a KGDS score of 14 or more among older adults were assigned to the group with depression. Those with a BDI score under 10 or a KGDS score under 14 were placed in the group without depression.
Evaluation of metabolic syndrome
Metabolic syndrome was defined according to the International Diabetes Federation criteria (IDF) [17] .
Components of the IDF criteria for metabolic syndrome in- 
Blood vessel condition
Blood vessel condition was assessed using non-invasive accelerated photoplethysmograph (APG; SA6000, Medicore, Korea) which automatically analyzed the peripheral blood circulation through double-differentiation of the APG record on the fingertip [18] . This study analyzed six indices obtained from the APG, including differential pulse wave index (DPI), blood vessel output power (BVOP), blood vessel tension (BVT), blood vessel status score (BVSS) and blood vessel aging level (BVAL). Chi-square tests were used to determine changes from before and after exercise training in prevalence data and the distribution of subjects across categorical variables.
RESULTS
Mean skeletal muscle mass (p ＜ 0.001) increased after participating a social welfare program for health promotion;
however, total body weight, BMI and % body fat were unchanged (Table 1 ). In age-specific physical fitness, muscular endurance and flexibility markedly increased among adults.
Further, physical performance, including mobility, dynamic balance and agility, meaningfully improved among older adults. Muscle strength also significantly increased among all subjects (Table 1) . The portion and categorical variables of depression were significantly improved after exercise training ( Table 2 ). The prevalence of individuals with metabolic syndrome was significantly reduced by 19.6% and the number of individual components of metabolic syndrome decreased after the exercise intervention (Table 3 ). In each component of metabolic syndrome, waist circumference (p ＜ 0.001), HDL cholesterol (p = 0.032) and systolic blood pressure (p = 0.041) significantly improved, while fasting blood glucose, triglyceride and diastolic blood pressure were unchanged after the exercise intervention ( Table 3 ). The results of the APG for the blood vessel condition showed that after exercise training, the proportions of moderate and severe arteriosclerotic progression significantly decreased, while those of healthy individuals increased (p ＜ 0.0001). , both adults and older adults (n = 51). 
Mantel-Haenszel chi-square tests for binary and ordinal variables, respectively
In addition, the proportion of lowest BVAL increased by (Table 4) .
DISCUSSION
The results of this study demonstrated that a six-month exercise program for health promotion was successful in significantly reducing the prevalence of depressive symptoms and metabolic syndrome, and also lead to an improvement in peripheral blood vessel circulation among subjects with low household income. In particular, we noted improvements in health-related fitness based on the increase of mus- cle mass and its performance. The improvement of depressive symptoms and cardio-metabolic indicators through exercise training might be involved in these increases in health-related fitness.
Unfortunately we did not possess a control group in this study due to its retrospective pre-and post-test design.
However, previous studies of exercise training programs among individuals with depression or metabolic syndrome did not observe any changes in depressive symptoms or metabolic parameters in their control groups [20] [21] [22] . Exercise participants exhibited improvement in the psychological indices measured by the BDI and KGDS among both adult and older adult subjects at the end of the 6 months or more of the exercise intervention in this study. These results are consistent with those found by several other investigators who reported improvements in depressive symptoms subsequent to significant increases in health-related fitness among subjects with and without chronic illness [22, 23] .
Meanwhile, there are well known bidirectional associations among depression, metabolic syndrome, cardiovascular diseases and their risk factors [24] [25] [26] , crosstalk among them should be investigated in future study. Moreover, depression is thought to be an independent risk factor for cardiovascular disease and closely associated with several cardiovascular risk factors, including stroke and risk for cardiac mortality [27, 28] . These deleterious co-morbidities of depressive symptoms with metabolic syndrome and cardiovascular risk factors were concurrently improved by long-term exercise training in this study. These results correspond with the findings of a previous epidemiologic study, where individuals with low levels of physical activity showed a higher prevalence of simultaneous metabolic syndrome and mild or greater depressive symptoms [29] . Thus, we suggest that long-term exercise training is an effective intervention for reducing both psychological and metabolic disorders and their risk factors. To our knowledge, this is the first study to document the effect of a social welfare program using supervised exercise training on psychological and physiological health indicators in a community-based social welfare project in Korea. The result of this study supports the notion that socioeconomic status may affect the inequality of participation to exercise program [11] [12] [13] [14] 33] . Although public health promotion through exercise is only reflected in social welfare policies in some advanced nations, transcending race, culture and country, health promotion program base expansion can be expected to address socioeconomic imbalance in the future.
Considering socioeconomic imbalance a result of health imbalance (which itself is the result of psychological and metabolic diseases), development and enlargement of exercise intervention programs as health-promoting welfare programs for vulnerable social groups and low income individuals must be considered.
In summary, long-term exercise-training as a social welfare program is beneficial for health promotion and effective in simultaneously improving psychological and physiological health status among individuals with a low household income.
